Propofol-based total intravenous anesthesia (TIVA) has been reported to improve long-term outcome following cancer surgery, when compared with inhalation agents. However, such investigational reports are still controversial, and no studies have been conducted in relation to non-small cell lung cancer (NSCLC) surgery. The present study aimed to compare the favorable effects of TIVA versus inhalation agents on recurrence-free survival and overall survival after curative resection of NSCLC. This retrospective cohort study examined medical records of the patients who were diagnosed with NSCLC and underwent curative resection at Seoul National University Bundang Hospital from August 2003 to July 2012. The primary outcome included the comparison of postoperative overall survival and recurrence-free survival in both groups. To balance the 2 groups for analysis, a propensity matching method was used, and stratified Cox proportional hazard models were used for statistical analysis. This study included 943 cases of NSCLC for final analysis, and the cases were divided into the TIVA group (n ¼ 749) and inhalation group (n ¼ 194). Propensity matching produced 196 patients in each group. The final analysis revealed no significant difference in the hazard ratio (HR) for recurrence between the TIVA and inhalation groups (P ¼ .233). The HR for death between the 2 groups was not significantly different either (P ¼ .551). In this study, we found no benefit of propofol-based TIVA for long-term oncologic outcome after NSCLC surgery, relative to inhalation agents.
Introduction
Lung cancer is one of the leading causes of cancer-related death worldwide. 1 In particular, non-small cell lung cancer (NSCLC) is the most common type of lung cancer, accounting for 80% of total lung cancer diagnoses. Curative resection is known as a treatment option for long-term survival. 2 However, the longterm survival rate after curative resection for NSCLC has been reported to be less than 50%, with 33.1% of patients with NSCLC reportedly having recurrence within 2 years. 3 To perform curative resection for NSCLC, general anesthesia is usually provided by using an anesthetic comprising either propofol or inhalation agents. The effects of these 2 anesthetic techniques on long-term oncologic outcome have been addressed in preclinical studies. 4, 5 Inhalation agents have been reported to suppress natural killer cell activity and promote tumor metastasis. More recently, a retrospective study involving more than 7000 patients reported that the long-term survival after curative resection in a propofol-based total intravenous anesthesia (TIVA) group outpaced that of the inhalation agent group. 6 Another retrospective study conducted in patients who received propofol-based TIVA after surgery for esophageal cancer also showed better overall survival (OS) and recurrence-free survival (RFS), compared with an inhalationbased anesthetic group. 7 However, no attempt has been made to assess the effects of inhalation agents and TIVA on the outcomes of NSCLC treated with surgery alone. This study aimed to compare RFS and OS between the choice of propofol-based TIVA and inhalation agents for general anesthesia when treating NSCLC with curative resection.
Materials and Methods
This retrospective study was approved by the institutional review board of the Seoul National University Bundang Hospital (SNUBH; approval number: B-1708/412-133). Because this was a retrospective review of electronic patient medical records, the requirement for informed consent was waived.
Inclusion of Patients
Medical records of patients aged 19 years or older, who were diagnosed with NSCLC and underwent elective curative resection (lobectomy, segmentectomy, and wedge resection), between August 2003 and July 2012, were examined. The exclusion criteria were (1) intraoperative conversion to pneumonectomy or bilobectomy, (2) pathologic staging M1 or N3, (3) incomplete resection, (4) loss to follow-up within 5 years postsurgery, (5) death within 1 month due to surgery-related complications, (6) occurrence of other primary cancers within 5 years after surgery, and (7) incomplete medical records. Lobectomy with sublobar resection in other lobes was considered as lobectomy, and segmentectomy with wedge resection in other lobes was considered as segmentectomy.
Anesthetic Technique for Lung Cancer Surgery in SNUBH
Patients were divided into groups receiving either inhalationbased agents (inhalation group) or propofol-based TIVA (TIVA group), depending on the anesthetics chosen by anesthetists at their discretion during the study period. For the thoracic anesthesia used during the lung cancer surgery, sevoflurane was administered to those in the inhalation group and continuous propofol infusion was administered using a target control infusion system to those in the TIVA group. In both groups, intravenous (IV) remifentanil continuous infusion was also performed. Although the anesthetics used were different (inhalation agent vs propofol), general care for the patients was consistent in both groups. Epidural anesthesia or analgesia was not performed during the study period.
Measurements
The following patient information was collected: age, sex, body mass index (kg/m 2 ), American Society of Anesthesiologists classification, histologic tumor type, surgery type (video-assisted thoracic surgery), preoperative comorbidities (hypertension, diabetes mellitus, stroke, ischemic heart disease), pathologic tumor stage, pathologic lymph node stage, adjuvant chemotherapy or adjuvant radiotherapy, surgery time (minutes) and anesthesia time (minutes), total opioid dosage in postoperative days 0 to 3, the date of death and date of recurrence, and intraoperative anesthetics used. Tumor stage and lymph node status were based on the American Joint Committee on Cancer Seventh Edition guidelines. 8 Preoperative hypertension and diabetes mellitus were determined by regular intake of related medication before surgery, and a history of ischemic heart disease included stable or unstable angina and myocardial infarction. Total opioid dosage on postoperative days 0 to 3 was calculated and combined according to a standard conversion ratio. 9 The date of death was set under the approval of the Ministry of the Interior and Safety in South Korea, and the date of recurrence was the date on which the respective patients were diagnosed with a recurrence during an outpatient clinic follow-up visit.
Clinical Outcome
The comparison of RFS and OS after lung cancer surgery between the TIVA and inhalation groups was used as the primary outcome measure. The OS was defined as the period from surgery date to the date of death, and RFS was defined as the period from surgery date to the date of recurrence or death.
Statistical Methods
In the comparison of the TIVA and inhalation groups, the t test was used for continuous variables and the w 2 test was used for categorical variables. To achieve balance for all intergroup covariates with a standardized mean difference (SMD) of less than 0.1, propensity score (PS) matching was performed. 10 Univariate regression analysis was performed to identify covariates that individually influence recurrence or death after lung cancer surgery. Finally, after achieving covariate balance between the 2 groups with PS matching, we analyzed the data using a stratified Cox proportional hazard model. The results of the stratified Cox regression analysis were presented as hazard ratios (HRs) and 95% confidence intervals. In addition, the TIVA and inhalation groups were compared for OS and RFS using the Kaplan-Meier method and tested using the log-rank test. R software (version 3.3.2; R Development Core Team, Vienna, Austria) was used for all statistical analyses. A P value <.05 was considered statistically significant.
Results

Inclusion of Patients
A total of 1548 patients were diagnosed with NSCLC and underwent elective lung cancer surgery between August 2003 and July 31, 2012. Patients were excluded from the analysis owing to the following reasons: (1) intraoperative conversion to bilobectomy or pneumonectomy (n ¼ 82), (2) incomplete resection (n ¼ 86), (3) loss to follow-up within 5 years (n ¼ 82), (4) death within 1 month due to postoperative complications (n ¼ 3), (5) pathologic stage of N3 or M1 (n ¼ 49), (6) occurrence of other primary cancers rather than recurrence within 5 years after surgery (n ¼ 89), and (7) incomplete medical records (n ¼ 131). This study included 943 patients for analysis, with 749 patients in the TIVA group and 194 patients in the inhalation group. The differences in the baseline characteristics between the TIVA and inhalation groups are shown in Table 1 . A total of 181 patients in each group were selected from PS matching analysis. The SMDs for all the covariates were less than 0.1, indicating a good balance (P > .1; Figure 1 ).
Stratified Cox Regression Analysis After PS Matching Between the TIVA Group and Inhalation Group
The results of the univariate Cox regression analysis to identify variables for death or recurrence after surgery are shown in Table 2 . The results of the Cox proportional hazard model for recurrence and death before and after PS matching are listed in Table 3 . No significant difference was found in the HR for recurrence between the TIVA and inhalation groups before and after PS matching (P ¼ .111 before PS matching and P ¼ .233 after PS matching). The HR for death showed no significant difference between the 2 groups before and after PS matching (P ¼ .260 before PS matching and P ¼ .551 after PS matching). The Kaplan-Meier curves of RFS and OS after PS matching are illustrated in Figures 2 and 3 . In the Kaplan-Meier curve after PS matching, the differences in OS (P ¼ .774) and RFS (P ¼ .085) were not significant between the 2 groups.
Discussion
The present study demonstrated that the anesthetic technique for administering the TIVA and inhalation agents did not have effects on OS or RFS, which were long-term outcome measures of curative resection for NSCLC. These results are in contrast with those from recent previous retrospective studies. 6, 7, 11, 12 The results of this study revealed that TIVA is not an advantageous anesthetic agent for lung cancer surgery over inhalationbased agents. In addition, this study confirms the controversy involving which anesthetic technique is effective in improving oncologic outcome of cancer.
The contrasting results found in this study can be attributed to the fact that we focused on a single cancer type (NSCLC). When compared with cohort studies using patients with different types of cancer, 6, 12 the TIVA used for patients with NSCLC may have different effects on long-term oncologic outcomes. Given the fact that curative resection of NSCLC is characterized by poor OS and RFS, 3 it is difficult to assess the antitumor effects of propofol-based TIVA using a small population. 13 Therefore, we suggest that the significant clinical effects of TIVA may not have been identified given the design and sample size of this study. Second, in this study, the inhalation group was administered 1.5 to 2.5 mg of 1% propofol/kg of body weight to induce a pleasant loss of consciousness in the early stage of general anesthesia. Although no further propofol was administered to the inhalation group, the initial injection of propofol may have influenced the results of this study. If volatile induction and maintenance of anesthesia (VIMA) had been performed for the inhalation group, the results may have been different.
A recent study investigating surgery for esophageal cancer reported that TIVA was more effective in improving RFS and OS than inhalation-based agents, 7 which is noteworthy since the study had a similar design to our study, but had contrasting results. The significant difference between the 2 studies lies in the fact that epidural analgesia was not utilized in the present study, but was in the previous study. The use of perioperative epidural anesthesia or analgesia alone has been established as an important factor affecting long-term oncologic outcome of cancer.
14 If esophageal cancer or lung cancer surgery requires a thoracotomy, general anesthesia can be combined with an epidural analgesia. As a result, the stress response is reduced and immune dysfunction is also minimized. 15 Therefore, it is possible that the previous study 7 used a small dose of IV opioid during surgery, although it was not specifically described. However, no epidural analgesia was used in this study due to possible complications associated with epidural catheterization. Since a high dose of opioid can influence the long-term outcome after NSCLC surgery, 16 this is an important issue to bear in mind.
In addition to not using epidural analgesia in our study, the continuous infusion of remifentanil in both groups could be another important reason for our negative outcome. Assuming the immunosuppression was caused by the opioid, 17 intraoperative infusion of remifentanil may have affected outcomes regarding OS or RFS after lung cancer surgery. Although we matched the total opioid use for 3 days after surgery to balance the 2 groups using a standard conversion ratio, we did not consider the dosage of remifentanil during surgery. However, we reported recently that remifentanil dosage during surgery was not clinically associated with OS or RFS in esophageal cancer surgery. 18 In summary, issues regarding the impact of epidural analgesia or opioid use on OS or RFS in lung cancer are still questionable. Therefore, the results of a prospective ongoing clinical trial (NCT01179308) will be important in the future. Lastly, the previous study 7 did not state which IV drug was used as the induction IV agent in the early stage. As mentioned earlier, in the present study, 1.5 to 2.5 mg of 1% propofol/kg of body weight was used for the inhalation group to induce general anesthesia. Given that anesthetic agents, such as 1% propofol or thiopental sodium, can be used instead of VIMA to induce anesthesia in adult patients receiving inhalational anesthesia, the drug used as the induction IV agent in the previous study 7 could cause the difference in results between the 2 studies. Finally, the surgical time of esophageal surgery is longer than that of lung cancer surgery; therefore, the exposure to propofol was also longer in esophageal cancer surgery. However, this is still a controversial issue and requires more clinical studies.
This study has several limitations. First, as commonly found in single-center retrospective observational studies, selection bias may exist along with a possible lack of generalizability of the results. Second, since the study was based on data from a 9-year period, there could have been changes in surgical or patient management. However, these factors were not adequately considered. Third, a small sample size of patients was included in our study, which may account for our negative finding. Finally, as mentioned before, VIMA using anesthetic gas only was not provided to the inhalation group. Nonetheless, this study was the first to analyze the effects of TIVA compared to inhalation-based agents in terms of OS and RFS after NSCLC surgery and thus is meaningful.
In conclusion, our study showed no better benefit for propofol-based TIVA, in comparison with inhalation agents, in terms of long-term oncologic outcome after NSCLC surgery. Thus, this study confirms the existing controversy over an optimal anesthetic management for lung cancer surgery and suggests the need for further well-designed prospective studies.
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